Abstract Comparative metagenomics approach has been used in this study to discriminate colonization of methanogenic population in different breeds of cattle. We compared two Indian cattle breeds (Gir and Kankrej) and two exotic cattle (Holstein and Jersey) breeds. Using a defined dietary plan for selected Indian varieties, the diet dependent shifts in microbial community and abundance of the enzymes associated with methanogenesis were studied. This data has been compared with the available rumen metagenome data from Holstein and Jersey dairy cattle. The abundance of genes for methanogenesis in Holstein and Jersey cattle came from Methanobacteriales order whereas, majority of the enzymes for methanogenesis in Gir and Kankrej cattle came from Methanomicrobiales order. The study suggested that by using slow/less digestible feed, the propionate levels could be controlled in rumen; and in turn, this would also help in further reducing the hydrogenotrophic production of methane. The study proposes that with the designed diet plan the overall methanogenic microbial pool or the individual methanogens could be targeted for development of methane mitigation strategies.
Introduction
Livestock and livestock products play a vital role in livelihood of millions of people in developing countries and are such globally demanding that it is projected to increase by 70% by 2050 [1] . However, methane emission by domesticated ruminants has become an integral issue of greenhouse gas (GHG) control policies [2, 3] . There are several natural sources including anthropogenic ones that contribute to global methane emission. Apart from wetlands which is a natural methane emitting source and contribute 31% of total methane emission, enteric fermentation is the second largest source of methane emission contributing 18% of the total methane emission [2] and in turn loss of 5.5 to 9% dietary energy of host livestock. Methane emitted due to enteric fermentation by ruminants as a part of their normal digestive process is about 37% of the all anthropogenic sources.
Among different species of livestock, cattle play a significant role because of its number and potential. Presently, out of a total 108 million cattle, representing about 12% of the global population, India has the highest number of cattle. It is anticipated that livestock population including lactating dairy cattle and buffalo will increase by 3.5 and 5.6 million, and with the result of that, an expected increase in methane emissions will be of *36 and 17%, respectively by the year 2021 [3] . The amount of methane produced depends on the type of animal, the kind of feed consumed by the animal, feeding frequencies and type of waste management. Thus, the increased demand brings challenges in terms of resource usage and food security sector. These interlinked issues pose immense pressure on the maintenance of planet's resources. Cultivation and characterisation of rumen methanogens as well as quantitative estimation of methanogen population diversity in cattle is limited. Only a small information is available on total rumen archaeal species quantification [4] . Thus, for assessing the role of the cattle, the animal feeding and its impact on methanogenesis, one must have to understand the role of the methanogens in the rumen of specific breed of cattle and its comparison with other breeds, the shifts in methanogens abundance with diet given to the animal and the abundance of the enzymes involved in methanogenesis pathway followed by different cattle at given diet. There are several molecular approaches like 16 s r-RNA sequencing, RT-qPCR etc. by which we could identify the methanogens. But, these approaches remain to have pitfalls in explaining the functional capabilities of those identified methanogens. With the advancement in next generation sequencing (NGS) technologies, it has become possible to identify the microbial population harbored by an environment and their functional metabolism for maintaining the environment at greater depth. The metagenomic approach has been used in the present study to explore the total methanogen population and the associated functional abundance of enzymes involved in the process of methanogenesis. The study uses the experimental design wherein the diet dependent shifts were analysed in Indian cattle breeds (Gir and Kankrej) and it was compared with metagenome data of two exotic breeds i.e. Holstein and Jersey cattle. The exotic cattle dataset included a study outcome by Ross et al. [5] 
Materials and Methods
Rumen Fluid Sample Collection from Indian Cattle (Gir and Kankrej)
To carry out an experiment, each of four healthy non-lactating adult Kankrej and Gir cattle (3-4 years old) with an average body weight of 350-400 kg were hired at Sardar Krushinagar Dantiwada Agricultural University and Anand Agricultural University, Anand, India, respectively. The animals were maintained on diet as per NRC (National Royal Commission) standards (India) before the start of an experiment [6] . All eight animals were given three treatments based on different proportions of dry roughage and concentrate. The treatments were given in successive manner where, in first treatment (Gir, G1; Kankrej, K1), all eight animals were fed on 50% dry roughage and 50% concentrate for continuous six weeks; in second treatment (Gir, G2; Kankrej, K2), the mixture proportion was 75% dry roughage and 25% concentrate whereas, in the third treatment (Gir, G3; Kankrej, K3), only 100% dry roughage was given. The details on feed composition for Kankrej cattle and Gir cattle is explained in Table 1 . At the end of each treatments of six weeks, the samples were collected on the last day, 2 h after the feeding, using flexible stomach tube [7] . After each collection, the collected rumen fluid was fractionated using a muslin cloth and divided into liquid and solid fractions. In total 48 samples were collected and stored at -20°C till sample processing.
DNA Extraction and Sequencing
From liquid fraction, 350 ll sample was taken for DNA extraction whereas, in case of solid fraction, 1X PBS buffer was added to the sample followed by vortexing about half an hour at 2500 rpm in order to dislodge the fibre adherent microbiota (in supernatant) and pulse spin (1000 g for 30 s) was performed to minimize the DNA from plant fibres (pelleted at bottom). The resulting supernatant (*300 ll) served as an input for DNA extraction. The DNA extraction from both liquid and solid fraction was carried out using QIAamp DNA Stool Mini Kit from QIAGEN [8] as per the manufacturer's protocol. Total DNA concentration was measured using Qubit Ò dsDNA HS (High Sensitivity) Assay Kit for better accuracy. Library preparation of 48 metagenomic DNA was carried out by Ion Torrent PGM platform where the DNA fragmentation was followed by adaptor ligation, size selection and further library amplification. All 48 libraries were quantified and their size distributions were checked by 
Processing of Sequencing Data and Bioinformatics Analysis
The sequencing data belonging to individual treatment given to particular cattle was sorted based on the barcodes given to them and then the data was uploaded to MG-RAST webserver where in screening pipeline, Bos taurus, UMD v3.0; was used to screen host specific sequences prior to analysis [9] . Further the annotation was performed for Indian cattle metagenome data and it was compared with exotic cattle (Holstein cattle and Jersey cattle) metagenome data.
Taxonomical and Functional Classification
The metagenome data of Indian cattle and exotic cattle was annotated for obtaining taxonomical classification using M5NR database with 60% identity cut off. The taxonomical classification was obtained at domain level and further bacterial domain classification was done up to class level and archaeal domain classified up to genus level. Principal component analysis (PCA) was performed using PAST (Paleontological Statistics) 3.0 [10] software and network formation was carried out using Cytoscape 2.8.0 [11] to evaluate the differences in cattle breeds based on the methanogens that they harbor. Moreover, the major methanogens were identified and their functional capabilities were derived in terms of enzymes involved in methanogenesis pathways using KEGG database [12] . The methanogens abundance and the abundance of the enzymes for various methanogenesis pathway contributed by specific methanogen at different treatments was also correlated. The analysis of similarity (ANOSIM) was performed to evaluate the differences in methanogenic enzyme abundance among cattle breeds (P \ 0.05) [13] .
Results

Total Microbial Abundance in the Rumen of Indian and Exotic Cattle
Total output of the Indian cattle (Kankrej and Gir) metagenome sequencing is explained in Tables S1, S2 , S3, S5, S6 and S7. The MG-RAST id of the sequences pertaining to respective sample is listed in Tables S4 and S8 . The phylogenetic classification of the sequences from Indian and exotic cattle was carried out in order to determine the diverse microbial makeup of the rumen in both the cattle. We classified the sequences at domain level using M5nr database. We found that, bacterial domain was the most abundant one with an average of 88% in both the breeds (Gir and Kankrej) of Indian cattle, 90% abundance in Holstein cattle and 84% in Jersey cattle (Fig. S1 ). Archaea was the second prominent domain with an average of 0.83% abundance in Gir cattle, 0.69% in Kankrej cattle, 5.47% in Holstein cattle and 1.81% abundance in Jersey cattle. Eukaryota and viruses were the least abundant domain found in the rumen fluid of all cattle breeds (Fig. S1 ). Further bacterial domain was sub classified to get comparative depiction of phylum and class level bacterial abundance among cattle breeds. At phylum level, Bacteroidetes was found to be most abundant phylum followed by Firmicutes in Gir, Kankrej and Holstein cattle (Fig. 1a) . Whereas, in Jersey cattle, Firmicutes was most abundant phylum as compared to Bacteroidetes (Fig. 1a) . The abundance of Proteobacteria was found to be more in Gir, Kankrej and Jersey cattle as compared to Holstein cattle.
The other phyla such as Chloroflexi, Spirochaetes and Actinobacteria were present at very low abundance ( Fig. 1a) . At class level, more abundance of Bacteroidia and Clostridia was found as compared to other classes (Fig. 1b) . The major difference among cattle breeds was due to different bacterial classes such as Cytophagia, Flavobacteria, Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria and Deltaproteobacteria, the abundance of which was found to be less in Holstein cattle whereas as class bacteroidia dominates comparative to other cattle. (Fig. 1b) .
Methanogens Abundance in Comparative Context Among Different Cattle Breeds
To determine the methanogen abundance in all cattle breeds, we sub-classified the Archaeal domain up to genus level. The abundance of methanogen was found varying in different cattle breeds (Fig. S2 ). In the Indian cattle breeds, Gir and Kankrej, as well as Jersey cattle rumen, the methanogen community was dominated by Methanobrevibacter and Methanosarcina and along with other 19 genera (Fig. 2) . Whereas, the methanogen community of Holstein cattle rumen was dominated by Methanobrevibacter and Methanosphaera along with other 6 genera only (Fig. 2) .
Methanobrevibacter genus was found abundant in the rumen of all four cattle breeds as compared to other methanogens, but the percent abundance of it varied with different breed type. Methanosarcina, the second most abundant methanogen in the rumen of Indian cattle and Jersey cattle, was completely absent in the rumen of Holstein cattle (Fig. 2) .
Unwinding the Abundance of Enzymes Involved in Volatile Fatty Acids (VFAs) and Methane Production
Various pathways of VFA production are represented in Fig. S3 . Here, we checked and compared the abundance of the enzymes involved in VFA pathway in our datasets. We also carried out the analysis for total abundant enzymes involved in methanogenesis pathway (Fig. S4 ).
In case of Gir, Kankrej and Jersey cattle breeds, the genes involved in acetate production were more abundant as compared to propionate and butyrate (Fig. S5a) . However, there was no variation in VFA producing genes abundance due to diet treatments given to Gir cattle (Fig. S5a) . But, in case of the Kankrej cattle breed, the abundance of the genes involved in acetate and propionate production increased with the increment in the roughage proportion (Fig. S5a) . In case of the exotic cattle breed such as Holstein, the genes related to propionate production were dominant, followed by acetate and butyrate (Fig. S5a) . We targeted the VFA production genes as there is direct correlation of amount of VFA generated with production of methane.
The results showed more or less similar abundance of the genes involved in acetate to methane pathway and formate to methane production pathway in Gir cattle breed S5b) . In Kankrej cattle, more abundance of genes involved in formate to methane production pathway were observed in K1D and K2D treatments whereas, in K3D treatment, more abundance of genes involved in acetate to methane production pathway were perceived (Fig. S5b) . In both exotic cattle, the genes involved in formate to methane production were predominant as compared to acetate to methane production (Fig. S5b) .
Contribution of Methanogens in Methanogenesis in Indian Cattle Breeds at Different Diet Treatments
To further deeply understand the reason for variation in the abundance of genes for methane production among cattle breeds, we checked the contribution of key role players i.e., methanogens in methane production. Here, we considered specific methanogens such as Methanobacteriales, Methanomicrobiales, Methanosarcinales (Methanosaetaceae and Methanosarcinaceae) and derived their functional annotation in terms of abundance of enzymes involved in methane production.
In case of Gir cattle, the taxonomic annotation of the sequences based on M5nr database revealed that the percent abundance of Methanobacteriales order increased with the increment in the dry roughage (Fig. S6a) . If we correlate the enzymes for methanogenesis contributed by this order, we can observe that the abundance of formate to methane producing enzymes increased with the increase in roughage proportion (Fig. S6a) . Thus, the diet dependent functional profile shift of Methanobacteriales corroborate with its taxonomic profile shift at each treatment. The percent abundance of Methanomicrobiales order was found to be more in G2D as compared to G1D and G3D treatments (Fig. S6b) . If we correlate the enzymes for methanogenesis contributed by this order, we can observe that the abundance of formate to methane producing enzymes were more in G2D treatment as compared to G1D and G3D treatments (Fig. S6b) . The order Methanosarcinales is composed of two families i.e., Methanosaetaceae and Methanosarcinaceae. The percent abundance of Methanosaetaceae family was found to decrease with the increment in the dry roughage proportion whereas, the abundance of Methanosarcinaceae increased with the increment in the dry roughage proportion (Fig. S6c) . If we correlate the enzymes for methanogenesis with that of the taxonomy profile, we can observe that the abundance of the enzymes involved in acetate to methane production pathway showed quite similar profile with Methanosaetaceae family (Fig. S6c) .
In case of the Kankrej cattle, the percent abundance of Methanobacteriales order decreased from K1D to K2D treatment, and then increased in K3D treatment (Fig. S7a) . If we correlate the enzymes for methanogenesis contributed by this order, we can observe that the abundance of the enzymes involved in formate to methane production pathway, decreased from K1D to K2D treatment, which further increased in K3D treatment (Fig. S7a) . The percent abundance of Methanomicrobiales order was found to be more in K1D treatment as compared to K2D and K3D treatments (Fig. S7b) . Upon correlating the enzymes for methanogenesis contributed by this order, we observed that the abundance of these enzymes were more in K1D as compared to K2D and K3D treatments (Fig. S7b) . The percent abundance of Methanosaetaceae family was found to increase with the increment in the dry roughage proportion whereas, the abundance of Methanosarcinaceae decreased from K1D to K2D and then increased in K3D treatment (Fig. S7c) . If we correlate the enzymes for methanogenesis with that of the taxonomy profile, we can observe that the abundance of the enzymes involved in acetate to methane production pathway showed quite similar profile of the abundance at each treatment with the abundance of Methanosaetaceae family (Fig. S7c) .
Comparison of Methanogenesis Pathways Contributed by Specific Taxa in Indian (Gir and Kankrej Cattle) and Exotic (Holstein and Jersey) Cattle
Upon comparing the methanogenic enzymes contributed by Indian cattle breeds with exotic cattle breeds, we found that, formate to methane producing enzymes along with shared enzymes contributed by Methanobacteriales were more in Australian Holstein cattle and Jersey cattle as compared to Indian Gir and Kankrej cattle (Fig. S8) . Whereas, the formate to methane producing enzymes along with shared enzymes contributed by Methanomicrobiales were more in Indian origin cattle breeds as compared to Holstein and Jersey breeds. Acetate to methane producing enzymes contributed by Methanosarcinales group of organisms showed more representation in Indian cattle and Jersey cattle as compared to Holstein cattle (Fig. S8) . In order to further evaluate the differences in the methanogenic enzyme abundance between Indian cattle and two exotic cattle is significant or not, the ANOSIM was performed. The results suggested the significant difference in abundance of methanogenic enzymes was between Indian cattle and Holstein cattle (Table S9) . We also performed PCA analysis and found that it corroborates with the results we obtained from ANOSIM analysis, where, more distinct clusters of Holstein and Indian cattle was observed (Fig. S9) .
Discussion
In the present study, ruminal digesta samples from Indian cattle breeds viz., Kankrej and Gir that were given three different diet treatments (increasing roughage: concentrate ratio) were used to discriminate, specifically the methanogen community as well as the enzymes involved in methanogenesis in comparison to breeds like Australian Holstein and Jersey cattle rumen.
The results of phylum and class level bacterial abundance highlighted that the differences in the abundance of Bacteroidetes and Firmicutes groups in the rumen of different cattle breeds is a consequence of the feeding treatments given to different animals and thus make the rumen a highly dynamic environment. The major difference among cattle breeds in bacterial composition was perceived due to differential abundance of Clostridium genus. It has been reported that autotrophic acetogenic bacteria such as Acetobacterium, Acetogenium, Eubacterium and Clostridium species are capable of synthesizing acetate by reduction of CO 2 with H 2 or by fermentation of organic compounds [14] . If we correlate the percent abundance of Clostridium genus and genes involved in acetate production (Figure S4a) in respective cattle breeds, we could find that higher Clostridium abundance in Indian and Jersey cattle breeds correlated with the more abundance of genes involved in acetate production pathway among other VFA pathways, as compared to Holstein cattle, where comparatively negligible abundance of Clostridium and more propionate producing genes were observed among other VFAs. Kim et al. [15] also reported that large number of sequences classified within class Clostridia in case of rumen. We also looked at the individual VFA producing enzymes and those involved in methanogenesis in the rumen of different cattle breeds to predict the rumen metabolism efficiency so that we can correlate methanogens to cattle metabolism and feed degradation efficiency. Generally, it is observed that the acetate, propionate and butyrate are produced in a ratio varying from approximately 75:15:10-40:40:20 [16] , depended primarily upon type of diet, time and quantity fed to animals. If we correlate this report with metagenome analysis, then Indian cattle breeds and Jersey cattle were found to harbor more genes involved in acetate production, followed by propionate and butyrate. However, the same was not observed in case of Holstein cattle where, propionate was the major VFA to be observed followed by acetate and butyrate. The diet given to Indian cattle was Sorghum bicolor (as per local availability) which is difficult to digest and the diet given to Australian Holstein dairy cattle (as has been reported) was lucerne which is easily digestible and widely used as a feed for high-producing dairy cows. There are reports which state that rapidly fermentable carbohydrates and highly digestible feed will yield relatively higher propionate as compared to acetate and reverse takes place when less digestible feed is given to animal [17, 18] . Thus, the reason for more acetate to propionate production in Indian cattle might be the consequence of less or slow digestible feed given to them and less acetate to propionate production in Holstein cattle might be due to easily digestible feed given to them. The details of diet given to Jersey cattle is not provided in the metadata submitted in MG-RAST.
The functional abundance of genes for methanogenesis showed similar profile with the taxonomical abundance of methanogens, which further implied that Australian Holstein dairy cattle harbor more methanogens among all other cattle breeds. For gaining deeper insight into the methanogenesis, we targeted two major methanogenesis pathways associated with rumen community via acetate to methane production and/or the formate to methane production pathway. These pathways remained unchanged and were more or less equal in their enzymes abundance during all three diet treatments given to Gir cattle breed. Whereas, in case of Kankrej cattle, in first two diet treatments (different proportion of roughage and concentrate), the enzymes involved in formate to methane production remained significantly active over acetate to methane production, and, in 3rd treatment, where only roughage is given, the enzymes involved in acetate to methane production took over the process of formate to methane production. The difference in abundance of methane producing enzymes between these two ruminal ecosystems can be very well explained based on VFA data. The VFA and methane production are complementary reactions compensating each other in the rumen to maintain ruminal ecosystem. It has been reported that diets promoting fermentation and greater production of VFA also promotes greater levels of milk production [19] . The ruminal ecosystem of Gir cattle is well balanced where methane production is less and efficient VFA is produced and thus this might be the reason for high productivity of Gir cattle. Whereas, in case of Kankrej cattle, total VFA production is less and the methane production is more as compared to Gir cattle and thus this might be the reason why it is less productive as compared to Gir cattle. If we consider the VFA production and methanogenesis in Holstein cattle, then it depicts the active and efficient switch of ruminal organisms towards 2H utilization by more propionate production and methane formation. When there is an excess of 2H in the rumen, it will inhibit the fermentation process and hence removed from the rumen via being utilized in the formation of propionate [20] and methane [21] .
Rumen, which acts as a fermenter offering nutrients for animal health maintenance in terms of volatile fatty acids (VFAs), is also one of the efficient producers of methane gas globally. The methanogens, which belong to phylum Euryarcheota, domain Archaea, play a vital role in production of methane in the rumen. Among livestock, methane production is the greatest in ruminants, as methanogens are able to produce methane freely through the normal process of feed digestion. Methanobrevibacter in the rumen has been described as the major group of methanogens in the rumen [22] , similar observation was made in our study. However, its abundance profile changed in different animal breeds, but, it remained the major genus of methanogen in the rumen of all four breeds. This being the most abundant genus among methanogens, might be due to its capacity to utilize a wide range of substrates like CO 2 , H 2 and formate and convert it into methane. Another dominant genera in Holstein rumen was found to be Methanosphaera, the substrate for which is thought to be methanol for methane production [23] . Whereas, in Indian Gir and Kankrej cattle breeds and Jersey breed, Methanosarcina genus was found to be the second dominant genus that utilize methanol as a sole source for methane production as its growth is inhibited on hydrogen and carbon dioxide [24] .
Thus, to unwind the role of these methanogens in methanogenesis, as we proposed a methanogenic pathway from different substrates like formate, acetate and methanol carried out by methanogens in different cattle breeds, we selected those sequences that were assigned to specific orders such as Methanobacetriales, Methanomicrobiales and Methanosarcinales and then derived functional annotations (in terms of enzymes) contributed by these specific orders. Methanobacteriales and Methanomicrobiales are the groups of orders that can utilize formate for methane production [24] . Whereas, Methanosarcinales constitute two families Methanosaetaceae and Methanosarcinaceae in which, Methanosaetaceae rely on acetate as their sole source for methane production and Methanosarcinaceae rely on methanol for methane production [24] . In our data, the functional annotation of the Methanobacteriales and Methanomicrobiales showed majority of the enzymes involved in formate to methane production. On the other hand, the abundance profile of Methanosaetaceae family at each treatment correlated with the abundance of enzymes involved in acetate to methane production pathway at each treatment and thus confirming its role as efficient acetate utilizer for methane production.
The enzymes involved in methanogenesis synthesized by the methanogens has revealed potent activity of methanogens in a particular rumen ecosystem and provided the reason of the observed differences in their methanogenesis activity in different cattle breeds. From Fig. S10 , we could observe that the major difference in the Indian cattle and Holstein cattle for methane production is due to type of methanogens involved in methanogenesis. The abundance of methanogenic enzymes contributed by Methanobacteriales was more in Holstein and Jersey cattle, however, Methanomicrobiales and Methanosarcinales did not contributed in methanogenesis in Holstein cattle.
Earlier phylogenetic study based on 16S rRNA gene in metagenome of Indian bovine, suggested that more than 50% clones belonged to the order Methanomicrobiales [25] . In a study by Shin (2004) the predominant rumen methanogen in the rumen fluid and rumen epithelium were from the family Methanomicrobiaceae [26] .
Whereas, one study on Swedish dairy cows based on 16S rRNA qRT-PCR, revealed that the order Methanobacteriales accounted for more than 96% of the total number of methanogens and no Methanomicrobiales [27] . Another study on Holstein dairy cattle based on 16S rRNA survey, have revealed that, the largest number of clones (24) grouped with Methanobrevibacter ruminantium, forming two distinct subclusters and thus suggesting Methanobrevibacter as a potent methanogen in the rumen of Holstein dairy cattle [28] . If we compare the total methanogenesis enzyme abundance in Gir and Kankrej cattle, then it was found to be more in Kankrej cattle (Fig. S10a) . While looking at the enzyme abundance contributed by specific methanogens in Indian cattle breeds, we could make out that, though total abundance of enzymes was more in Kankrej cattle (Fig. S10b) , but when we compare that data with enzymes contributed by specific methanogens, more enzymes were observed in Gir cattle as compared to Kankrej cattle (Fig. S7) . This observation leads us to speculation that in Kankrej cattle syntrophic acetate oxidation (SAO) might be taking place. However, with increasing ammonia levels, released during the degradation of protein-rich materials, this acetoclastic methanogens are inhibited and acetate is instead oxidized to H 2 and CO 2 by syntrophic acetate-oxidizing bacteria (SAOB) [29, 30] one of the SAO bacteria is Clostridium [29] . Thus, we checked whether the difference in total abundance of methanogenic enzymes and the enzymes contributed by methanogens in Kankrej cattle is due to SAO bacteria that helps in first few steps of acetate to methane production by oxidizing acetate to H 2 and CO 2 . To do this, we checked the abundance of enzyme carbon monoxide dehydrogenase (EC: 1.2.99.2) in Gir and Kankrej cattle (Fig. S11) . As expected, we found that more abundance of this enzyme was observed in Kankrej cattle as compared to Gir cattle. Thus, this information provides another aspect of methanogenesis that found in Kankrej cattle only.
Conclusion
Results of the experiment indicated that the cattle breed and feed affect colonization of methanogens in rumen. The abundant data for genes involved in VFA production, more in favor of Gir cattle, might be responsible for higher milk production in Gir cattle as compared to Kankrej cattle.
Holstein cattle harbored such a microbial community which is responsible for more propionate production. The study suggested colonization with more abundance of the enzymes involved in methanogenesis in Holstein dairy cattle followed by Jersey and then Indian cattle. Profound study conveys that the enzymes responsible for more methanogenesis in Holstein dairy cattle and Jersey cattle come from Methanobacteriales order. Whereas, majority of the enzymes for methanogenesis in Gir cattle come from Methanomicrobiales order. This study also supported that total methanogens are not crucial in case of rumen methanogenesis but the differences in individual methanogenic microbial groups and pathways involved in methanogenesis plays crucial role when we change diet concentration in individual cattle. This should be taken into consideration while developing the methane mitigation strategies.
